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TECHNICAL NOTE
Blood flow in end-to-side arteriovenous fistulas
and saphenous vein grafts
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University of California, San Francisco, California
Approximately 5,000 people in the United States have
life maintained by chronic hemodialysis [1]. Ready and
practical access to the circulatory system for such a proce-
dure was first made possible by Quinton, Dillard and
Scribner with development of a Teflon® silastic shunt [2].
Yet, infection, clotting, thrombosis, and bleeding with an
external shunt still remain a substantial cause of morbidity
[3]. A surgically created subcutaneous arteriovenous fistula
obviates many of these complications [4]. A side-to-side
fistula between the radial artery and the cephalic vein was
advocated originally, but symptoms and signs of arterial
insufficiency in the digits distal to the fistula developed in
some patients [5]. The digital perfusion abnormalities re-
sulted from a decrease in antegrade flow in the radial
artery beyond the fistula and retrograde flow of blood out of
the hand via the radial artery distal to the fistula site [6].
Perfusion of the fistula hand was entirely from the ulnar
artery, and most of the blood entering the digits via the
palmar arches was "stolen" from the hand by the low re-
sistance fistula [7]. Recently we proposed on the basis of
oscillometry studies that the radial artery "steal syndrome"
could be avoided by creation of an end-to-side fistula [8].
The clinical and physiological effects of an end-to-side
subcutaneous arteriovenous fistula in nine patients re-
ceiving chronic hemodialysis are evaluated herein.
Methods. Between May 1970 and July 1971, subcutaneous
arteriovenous fistulas, 0.5 to 1 cm in size and of an end-
to-side type, were created at the wrist in 20 patients under-
going chronic hemodialysis at the Northern California
Artificial Kidney Center at San Francisco General Hospi-
tal. In six a direct anastomosis was created between the
radial artery and the cephalic vein and in 14 a saphenous
vein graft was placed between the ulnar artery or radial
artery at the wrist and the brachial or cephalic vein in the
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antecubital fossa. In each patient, the artery distal to the
fistula was intentionally ligated, a maneuver necessary to
create and end-to-side fistula. In four subjects with a radial
artery-cephalic vein anastomosis and in seven with a
saphenous vein graft the anastomosis clotted prior to study.
Thus, nine patients, ranging from 25 to 54 years of age,
were available for study. Patients were studied after 30 to
45 minutes of relaxation and thermal equilibration in a
special procedure room where the temperature was kept
stable at 26.6° 2.0° C. All subjects were free of symptoms
during the study. Control studies were carried out in the
nonoperated arm and hand. In two patients with a patent
radial artery-cephalic vein anastomosis, blood flow was
recorded in both forearms and thumbs, the digit beyond
the ligated radial vessel. In six patients with the saphenous
vein grafts, blood flow was measured in both arms and
fifth fingers, the digit beyond the ligated vessel, except in
one subject with a radial artery-brachial vein saphenous
graft in whom blood flow was measured in the arm and
thumb. The results of ten measurements at each location
were averaged, normalized, and expressed as ml/min/ 100 cc
tissue. Differences in blood flow were recorded as a per
cent increase or decrease over control values. Blood flow
was measured using an pneumatic plethysmograph. The
technique, which provides an estimate of blood flow, has
been described in detail elsewhere [8].
The pneumatic plethysmograph was also used for re-
cording the digital pulses (oscillometry). Oscillometry rec-
ords were obtained from the digit in which arterial blood sup-
ply normally would be from the artery that had been ligated
in order to create the fistula of end-to-side design. Thus, if
a radial artery was sacrificed, thumb pulsations from the first
finger were registered. While recording continuous pulsatile
oscillations in the digit, the radial and then the ulnar artery
were manually occluded at the wrist immediately beyond
the fistula. This technique has been used previously to
determine the presence or absence of a "steal" complex [8].
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Results. Patients were studied only on one occasion; time
of studies varied from one month after surgery to 16
months. Signs and symptoms of arterial insufficiency were
not present in any of the subjects; there was never claudi-
cating pain in the hand or fingers, with or without elevation,
or epidermal changes (loss of hair, thinning of skin, digital
ulcers).
Blood flow was always greater in the fistula arm than in
the control arm except in patient No. 7, who had a func-
tioning contralateral Scribner shunt (Table 1). All of the
blood flow rates were averaged, including those of the three
subjects who had patent contralateral Scribner shunts. Mean
blood flow for all nine patients was four times greater in the
fistula arm than in the control arm; the mean difference was
statistically significant and resulted from blood flowing
through the arteriovenous fistula. The highest per cent in-
crease in fistula arm blood flow was twenty-fold in patient
No. 1 who had a radial artery-cephalic vein anastomosis
and patient No. 9 who had a saphenous vein graft. There
was little increase in blood flow rates in patients Nos. 4 and 5
because they had a functioning Scribner shunt in the contra-
lateral control arm. There was no significant difference in
mean blood flow in the digits between the fistula and contra-
lateral hands (Table 1). Mean blood flow in the digit imme-
diately beyond the fistula was 3.1 ml less than the mean
control value, and the mean difference was insignificant
and within the variations inherent in the techniques em-
ployed. Finally, there was no correlation between the du-
ration that the fistula was in place, the presence of prior
shunts or anastomoses, and the digital flow rates.
Oscillometry did not reveal evidence of a fistula steal
complex. Compression of the ligated artery immediately
distal to the fistula never increased digital pulsations. The
digital blood flow always depended on the nonligated ar-
terial vessels and the interosseous collateral arterial circu-
lation. For example, in patient No. 1, who had a radial
artery-cephalic vein anastomosis, temporary occlusion of
the patent ulnar artery at the wrist of the fistula extremity
resulted in complete cessation of thumb pulsations, whereas
there was no effect on the thumb pulsations when the site
of the ligated radial artery distal to the fistula was com-
pressed. In the contralateral (control) extremity of this
patient, temporary occlusion of the radial artery resulted
in a moderate fall in thumb pulsation; ulnar compression
had no effect. In the patients with a saphenous vein graft,
a similar dependence on the nonligated arterial supply and
on the collateral circulation was always present. Thus,
in patients Nos. 6 and 8, there was no effect on compression
at the ligated arterial site, but complete cessation of pul-
sation in the digit distal to the anastomosis when the non-
ligated vessel was compressed. In patients Nos. 4, 5, and 9,
prior Scribner or fistula procedures had resulted in multiple
vessel ligations, so that phasic blood flow was replaced by
nonpulsatile digital perfusion and oscillometry was not
possible. In summary, the most important result of the
oscillometric studies was that no subject had a paradoxical
rise in digital pulsation, which would occur if a radial or
ulnar fistula steal syndrome were present [8].
Discussion. The introduction by Brescia et al of the sub-
cutaneous arteriovenous fistula was a dramatic advance
in the management of patients requiring chronic mainte-
nance hemodialysis [4]. We have previously studied the
effect of such a fistula on perfusion of the extremity distal
to the anastomosis and were able to corroborate the find-
ings of Hurwich that a side-to-side forearm arteriovenous
anastomosis is invariably associated with a fistula steal
Table 1. Resting mean blood flow in nine patients with an end-to-side arteriovenous fistula
Patient No.
(Extremities Measured)
Extremity Bloo
Control Fistula
ml/min/JOO cc tissue
d Flow
Change from
Control Valuea
Digital Blood
Control Fistula
ml/min/100 cc tissue
Flow
Change from
Control Valuea
I (R forearm and thumb) 5.6 108 + 19.4 29.0 22.0 —0.8
2 (R forearm and thumbb) 3.7 26 + 7.0 17.0 12.0 —0.7
3 (R arm and thumbb) 7.4 40 + 5.4 23.0 30.0 +1.3
4 (L arm and 5th finger0) 43.0 50 + 12r 2.3 6.8 +3.0
5 (L arm and 5th fingerd) 7.5 27 + 3.6 7.6 9.4 +1.2
6 (L arm and 5th fingerbe) 6.4 19 + 3.0 28.0 24.0 —0.9
7 (L arm and 5th finger1) 20.0 12 — O.6 8.0 15.0 + 1.9
8 (R arm and 5th fingerbe) 3.9 18 + 4.6 22.0 4.8 —0.2
9 (L arm and 5th fingerb.C.e,) 3.4 75 + 22.0 22.0 7.4 —0.3
Mean±so 11.2± 12.9 41 .7±31.6 17.7±0.96 14.6± 0.88
P value <0.05 NS
R=right; L=left
a Multiples increased or decreased from control value.
b Prior Scribner shunt in contralateral extremity, failed.
e Prior Scribner shunt in ipsilateral extremity, failed.
d Prior Scribner shunt in contralateral extremity, functioning.
e Ipsilateral end-to-side fistula, failed.
Functional Scribner shunt in control forearm.
g Ipsilateral end-to-side saphenous bypass, failed.
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syndrome [6—9]. In order to avoid this complex, we advised
intentional ligation of the artery distal to the fistula during
creation of the side-to-side anastomosis, thus converting
the fistula to an end-to-side design. The study reported
herein documents that symptoms and signs of arterial
insufficiency are absent in patients with an arteriovenous
fistula or a saphenous vein graft of an end-to-side design,
that blood flow to the digits of the fistula hand is of the
same magnitude as that to the control extremity, and that
blood flow rates in the fistula arm are comparable to
those obtained in our laboratory in subjects with an anasto-
mosis of side-to-side construction [8]. Furthermore, the
oscillometric response to arterial compression beyond the
fistula documents that intentional ligation of the artery
beyond the anastomosis prevents retrograde blood flow
out of the hand via the low resistance fistula and venous
circuit. The digital blood was not compromised because
a fistula steal syndrome could not develop.
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